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Abstract Background and aim: Elderly patients are vulnerable to complications of intrave-
nous fluid overload, however daily monitoring of fluid balance in this population has been
highlighted as sub optimal by the NCEPOD. We compare current practice in fluid balance
monitoring and intravenous fluid prescribing for elderly patients in a London District General
Hospital to guidelines for fluid management in children issued by the National Patient Safety
Agency.
Methods: This study consists of two parts: (1) a ward-based survey of fluid balance monitoring
in all patients above the age of 65 receiving intravenous fluids; (2) an anonymous questionnaire
completed by 20 doctors of a variety of grades and specialities on the parameters of fluid
balance routinely checked by doctors prior to prescribing intravenous fluids.
Results: The results highlight that the most frequently monitored parameters of fluid balance
are daily serum urea, creatinine and sodium levels (65.1% of patients receiving intravenous
fluids on the wards, 85% of doctors check these levels before prescribing fluids). Initial weight
is measured in one quarter of patients; daily weight is monitored in 9.4% of patients and 25% of
doctors check daily weight before prescribing intravenous fluids.
Conclusion: Initial and daily weights are non-invasive parameters of fluid balance that are
infrequently monitored in elderly patients receiving intravenous fluids. We propose that all
elderly patients should be weighed (1) on admission to the Emergency Department, (2) prior
to commencement of intravenous fluids and (3) on a regular basis, preferably daily, for the
duration of intravenous fluid administration. For immobile patients, strict fluid inputeoutput
charts should be maintained as a surrogate index of changes in daily weight. We encourage
consistent and accurate documentation of these non-invasive parameters on the fluid prescrip-
tion charts.
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Are we adequately monitoring intravenous (i.v.) fluid
administration in elderly patients? In 1999, the National
Confidential Enquiry into Patient Outcome and Death
(NCEPOD) estimated that 20% of elderly patients have
poorly documented fluid balance or have fluid imbalance
that is unrecognised or untreated.1 Age-related changes2
and chronic diseases, such as cardiac or renal disease, im-
pair fluid and electrolyte homeostasis in elderly patients3
and variations in factors such as body mass index may
lead to substantial variation in daily fluid requirements be-
tween patients.4 These factors act in concert to increase
the susceptibility of elderly patients to the complications
of inappropriate intravenous fluid administration.5 These
can be divided into complications of fluid overload, such
as cardiac failure and oedematous states, complications
of inadequate fluid replacement such as pre-renal renal
failure and inadequate perfusion of other end organs such
as the skin, the gut and eventually the brain, and thirdly,
complications of electrolyte imbalance, with subsequent
cardiac and central nervous system consequences such as
arrhythmias and delirium.
The NCEPOD issued the following recommendations
regarding fluid management in the elderly:
 Doctors and nurses of all grades should understand the
clinical importance, and ensure the accurate recording
of fluid intake and output
 Multidisciplinary review of the problem and develop-
ment of good local working practices is required
 Fluid charts should be retained and appropriately filed
for future reference
In this audit, we follow these recommendations by
seeking to determine whether intravenous fluids are being
prescribed and monitored appropriately in elderly medical
and surgical patients in a London hospital. We achieve this
by asking two questions: (1) Is fluid balance being appro-
priately assessed on the ward? (2) Are intravenous fluids
being appropriately prescribed by doctors?
The 1999 NCEPOD emphasises that it is the extremes of
age, i.e. the young as well as the elderly, which present
physiological challenges in medical and surgical manage-
ment. Indeed, inpaediatrics, it has longbeen recognised that
children are susceptible to complications of inappropriate
i.v. fluid administration6 and strict guidelines have therefore
been developed for the prescription and monitoring of i.v.
fluid administration in paediatric departments. However,
as yet, no such guidelines have been introduced for elderly
patients and in the absence of these we have chosen to
base our audit standards on recently issued guidelines for
i.v. fluid management in children from the National Patient
Safety Agency, United Kingdom7:
 Check plasma electrolytes before commencing the infu-
sion, except prior to the majority of elective surgery.
Monitor plasma glucose if glucose-free solutions are
used during surgery
 Check plasmaelectrolytes every 24 hwhilst i.v. fluids are
being administered. If plasma electrolytes are abnormalconsider rechecking every 4e6 h, but definitely if plasma
sodium concentration is below 130 mmol/L
 Where possible, all children on i.v. fluids should be
weighed prior to the commencement of therapy and
be weighed again each day
 Document accurate fluid balance daily. Assess urine
outputdoliguria may be due to inadequate fluid, renal
failure, obstruction or the effect of ADH
In addition to the these guidelines we have also included
other parameters that we felt were important in the
monitoring of fluid balance in the elderly patient popula-
tion such as the monitoring of vital signs (blood pressure,
pulse rate and temperature). In this study we are not
attempting to assess the exact volumes and types of fluids
prescribed, as these will inevitably vary according to the
clinical scenario (e.g. maintenance versus replacement of
deficit). Instead we focus simply on methods of fluid
balance monitoring which should remain consistent for all
patients, regardless of the clinical indication for i.v. fluids.
Methods
Ward-based survey
Inpatients on 10 general medical and surgical wards at
a London hospital were included in the study. The inclusion
criteria were age over 65 years and receiving intravenous
fluids for the preceding 24 h. We did not exclude patients
on the basis of their diagnosis or the type of treatment they
were receiving. However, we did exclude preoperative pa-
tients onmaintenancefluids as theywerenot acutely unwell.
For each patient we documented:
 Age
 Whether initial weight and daily weight were
documented
 Whether the patient was catheterised
 Whether urine output was accurately documented in
figures on that day
 The frequency of heart rate, blood pressure and tem-
perature measurements per day
 Whether serum urea, creatinine, sodium and potassium
had been measured within the preceding 24 h
Data were collected using the following sources: drug
charts, fluid balance charts, observation charts (heart rate,
blood pressure, temperature) and serum urea and creatinine
measurements from the computerised laboratory results
system. Two researchers were responsible for collecting the
data andmethods of data collection and interpretation were
agreed upon prior to commencement of the study. Data
collection took place during a four-week period in November
and December 2006. On the days of survey, all inpatients
fitting the criteria for the study were included, with no
exclusions on the basis of ward or diagnosis.
Doctor survey
Twenty doctors at the same hospital as the ward-based
survey were asked to complete an anonymous questionnaire
410 E. Ferenczi et al.in which they were requested to state which parameters
(out of a choice of 16) they check routinely before pre-
scribing intravenous fluids. We included options that doctors
are unlikely to check on a routine basis in order to test the
validity of the questionnaire. The questionnaire was made
anonymous so as tomaximise the accuracy of the answers, so
that doctors ticked the boxes for the parameters they
actually check routinely, rather than the ones they felt
they should check routinely.
Results
Ward survey
Data on 86 elderly (over 65 years) medical and surgical pa-
tients were collected. The mean age (standard error) of
the patients was 79 years (8 years). 26.7% of the patients
were ‘‘nil by mouth (NBM).’’
Fig. 1 illustrates the frequency of monitoring of different
parameters of fluid balance in patients who are NBM and
non-NBM. In the NBM patient group, over three quarters
of the patients were catheterised and in all of these pa-
tients the urine output was monitored quantitatively
whereas in the non-NBM group, less than half of the pa-
tients were catheterised and only 54% had quantitative
measurements of urine output. In contrast, serum urea,
creatinine and electrolytes were monitored more fre-
quently in the non-NBM group (71.4%) compared to less
than 50% of the patients in the NBM group. Weight was mon-
itored infrequently in both groups, but less so in the NBM
group, with fewer than one fifth of patients having an initial
weight recorded and in no patients was daily weight
monitored.
The median frequency of monitoring of vital signs (blood
pressure, pulse rate, temperature) for nil by mouth patients
was 5 times per day and for non-nil by mouth patients, it was
4 times per day.
Doctor survey
Twenty doctors were included in the survey (9 F1/PRHO
grade, 4 F2/SHO grade, 5 specialist registrar grade and 2
consultants) from a variety of medical and surgicalspecialities. The pattern of routine checking of different
fluid balance parameters prior to prescribing intravenous
fluids is illustrated by Fig. 2.
Serum urea, creatinine and sodium are checked most
frequently (by 85% and 80% of doctors respectively). Urine
output is checked by 75% of doctors and daily weight is
checked by 25% of doctors. No doctors claimed to check the
position of the apex beat or the circumference of the ankles.
Discussion
In this study, we find that routine monitoring of fluid
balance in elderly patients relies heavily on invasive
measures such as blood tests and urinary catheterisation.
Although these provide important clinical information,
there is a dearth in the use of non-invasive measures such
as the monitoring of initial and daily weight, despite
evidence from paediatric departments that daily weight is
an invaluable guide to intravenous fluid prescription. In
administering intravenous (i.v.) fluids, we are assuming an
unnatural position of control over the body’s homeostatic
mechanisms. In order to prevent iatrogenic errors in this
control, we should aim to use the signals provided by the
body to assess its response to the fluids that we have
provided. These signals include indices of intravascular
fluid volume such as pulse rate, blood pressure and jugular
venous pressure, indices of extracellular fluid balance such
as daily weight and clinical evidence of oedema and finally,
indices of end-organ perfusion, such as urine output.
The daily measurement of serum urea, creatinine and
sodium in elderly patients receiving i.v. fluids was well
adhered to at this London hospital. 65% of all patients
receiving i.v. fluids on the ward had these parameters
checked within 24 h of being surveyed and 85% of doctors
claimed to routinely check these parameters before pre-
scribing intravenous fluids. Over three quarters of NBM pa-
tients were catheterised (78.3% NBM versus 47.6% non-NBM)
and urine output was measured quantitatively in all 78.3%
of the catheterised NBM patients but in only 54% of non-
NBM patients. The vital signs of NBM patients were also
monitored more frequently than in non-nil by mouth pa-
tients (median of 5 times per day versus 4 times per day
respectively).71.4
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Figure 1 Non-nil by mouth patients (white) versus nil by mouth patients (black): Frequency (%) of monitoring of different param-
eters of fluid balance monitoring.
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Figure 2 Frequency (% doctors) of checking of different parameters of fluid balance before i.v. fluid prescription by doctors.In contrast, the measurement of weight was infrequent,
both prior to i.v. fluid administration and subsequently on
a daily basis for the duration of i.v. fluid administration. Only
one quarter of all patients on intravenous fluids had their
initial weight clearly documented by the bedside and in the
NBM group this fell to less than a fifth of patients. Daily
weight was monitored even less frequently, with less than
one in ten of all patients being weighed daily and not a single
patient in the NBM group who had been weighed daily. These
results are perhaps unsurprising considering the potential
difficulties in weighing patients daily, especially for ill or
bed-bound patients who require a hoist for transfer or who
are unable to sit unaided. Monitoring of daily weight places
extra demands upon an already stretched team of nurses and
auxiliary staff in terms of the additional documentation and
patient handling required.
Concordantly, only 25% of doctors claimed to routinely
check daily weight prior to prescribing i.v. fluids. Thismay be
secondary to a perception that laboratory results provide
more accurate information regarding hydration status and
end-organ function than daily weight. However, the scarcity
of daily weight information at the bedside may also contrib-
ute to its unattractiveness as a routine parameter for fluid
balancemonitoring.We acknowledge that it is unclear which
of these factors has a greater causative influence upon the
other.
In contrast to these results for elderly patients, in
paediatric departments, the measurement of daily weight
is a fundamental aspect of fluid management. Fifty years
ago, it was recognised that weight alone could be used to
determine fluid requirements in children8 and a recent
study has shown that weight is monitored in 92% of paediat-
ric patients receiving i.v. fluids.9 Admittedly, daily weight
monitoring on a paediatric ward may be less cumbersome
than on an adult or geriatric ward. However, despite the lo-
gistical difficulties that may be encountered in regularmonitoring of patient weight, the non-invasive nature of
this technique, unlike blood tests and catheterisation which
carry associated risks of bleeding and infection, should en-
courage hospitals to place greater emphasis on daily weight
in routine fluid balance monitoring. A potential surrogate
measure for daily weight in immobile patients is the strict
charting of daily fluid inputs and outputs, where we assume
that 1 ml fluid discrepancy is equivalent to approximately
1 mg change in body weight.
Recommendations
We conclude that weight measurement should become
a routine component of fluid management in elderly
patients. We suggest the following protocol to help improve
this area of clinical practice:
 All elderly (over 65 years) patients should be weighed
on admission to the Emergency Department.
 All elderly patients should be weighed prior to the initi-
ation of i.v. fluids and this weight should guide the vol-
ume of i.v. fluids prescribed.
 Regular measurement of weight, preferably daily but at
least every 2 days, should be performed throughout the
duration of i.v. fluid administration.
 Daily weight and fluid balance should be documented
daily adjacent to the i.v. fluid prescription.
 In immobile patients, strict fluid inputeoutput charts
should be maintained daily and daily fluid balance
documented consistently and accurately on the fluid
prescription chart.
 Particular attention should be given to the monitoring
of fluid balance in patients who are nil by mouth.
 Doctors should be encouraged to use as many parame-
ters from an agreed list of indices to accurately assess
412 E. Ferenczi et al.intravenous fluid needs of patients. This list should in-
clude the following parameters:
e Body weight (serial measurements if available)
e Serum urea, sodium and potassium concentrations
e Preceding 24 h inputeoutput measurements
e Pulse, blood pressure, temperature, respiratory rate
e Clinical evidence of oedema
 The audit should be repeated in 6 months time to de-
termine whether the establishment of this protocol
has influenced fluid monitoring and i.v. prescribing
practice in the hospital.
Limitations
Our study included a broad range of patients, from those
with severe illnesses requiring hourly vital sign and urine
output measurements to those simply requiring ‘‘top-up
fluids’’ to supplement poor oral intake. These differences
in indications for i.v. fluids may lead to differing require-
ments in terms of intensity of fluid balance monitoring. In
this audit we did not make any differentiation between
such patients, preferring to assess fluid balance monitoring
practice as a whole across all patients receiving i.v. fluids in
the hospital.
This is not a prospective study. We chose to take
a ‘‘snapshot’’ in time of all the elderly patients receiving
i.v. fluids in the hospital in order build a time-independent
picture of fluid monitoring practice, enabling us to recruit
a large number of patients with broad inclusion criteria. A
future prospective study might concentrate on a smaller,
more selective patient sample in which the subjects are
followed over time to determine the rate of development
of complications of i.v. fluid administration and the factors
that predispose to such complications.
In response to the lack of local and national guidelines
for the administration and monitoring of i.v. fluids in elderly
patients, this study describes current clinical practice in
a London hospital, creating a platform for the development
of local standards and protocols. Post-implementationaudit and extension of the study to other hospitals, both
nationally and internationally, are the next steps for the
improvement of fluid management in elderly patients.
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